According to economic theory, firms in a deter-quently to make investment decisions than they ministic environment should maximize the present have been in the past. For example, a recent study value of a stream of profits. This criterion is often of Fortune 1000 companies by Kim et al. suggests modified when uncertainty exists. A common convergence of economic theory and practice for practice of economists is then to adopt the von these large firms. Their results indicate an increasNeumann-Morgenstern paradigm and use the ing use of net present value-based methods for present value of expected utility in place of the measuring the desirability of capital budgeting depresent value of profit. However, other decision cisions. Because the discounting model is genercriteria have apparently played an important part in ally regarded among economic theorists as the guiding the actual investment behavior of business most efficient investment decision criterion, the firms. For example, the payback criterion is often sophisticated investment analyses increasingly perreferred to in the economics literature as the crite-formed by these large firms may bode well for the rion real world managers use to evaluate invest-success of their future capital budgeting decisions. ments (see e.g., Hirshleifer).
Considerable research has been done on the inSince 1960 many studies of investment behavior vestment behavior of farm business managers (see have attempted by survey or other methods to iden-e.g., LaDue et al.; Gustafson et al.) . Factors aftify the capital budgeting procedures that corporate fecting investment timing and decision criteria utibusiness managers most often use to evaluate in-lized by farm operators have been identified and vestments. Interest in this question currently re-considered vis-a-vis risk management and analysis mains high since an understanding of business in-of farm policy issues. However, very little attenvestment behavior is thought to have important tion has apparently been given to the relationship implications for managing the macroeconomy.
between farm investment criteria and the investConcern about the competitiveness of domestic ment criteria used by large business firms. We firms in the world economy also motivates studies found no study that compares and contrasts the of investment behavior. dynamic decision rules employed by big business Previous studies of business investment behav-managers and farm operators. The question adior have found several capital budgeting proce-dressed in the present study is whether big business dures important in practice. However, net present firms and farm business firms apply different capvalue methods are apparently being used more fre-ital budgeting procedures when evaluating potential investments.
budgeting procedures and some previous studies of The discounting methods of internal rate of rebusiness managers' use of these procedures. The turn (IRR) and net present value (NPV) both consecond section presents the statistical model and sider the time value of money and so conform with hypothesis tests used in this study. Following this, financial theory of wealth maximization. IRR also the data and results are described. Conclusions are gives results easily compared with other interest given in the final section.
rates. It can give multiple (i.e., ambiguous) results and assumes that reinvestment at the same rate of return is possible. Both IRR and NPV require the Use of Different Capital Budgeting Procedures firm to establish a cost of capital; in the case of in Business NPV this is explicitly required to compute the answers. Both also fail to distinguish between proMany procedures for evaluating investment oppor-jects with different lives or of different sizes. An tunities are possible. According to the net present additional method, the profitability index (PI), value (NPV) method, a manager should select does correctly rank projects of different sizes. 
-75% of firms use PBK. Its use has grown, though where n i is the number of time periods required to not as rapidly as discounting methods. recover the initial investment, and N is the longest
The dominance of non-discounting methods, payback period still acceptable to the decision principally payback period, was eclipsed in the maker.
mid to late 1970s. The pattern has remained relaThe advantages and disadvantages of these and tively stable since. Of the discounting methods, other popular methods are well-known and will not internal rate of return has always been more popbe discussed at length (see e.g., Barry et al. for ular than net present value. The shift from nonfurther discussion). In brief, non-discounting discounting methods to discounting methods lasted methods such as payback period (PBK) and the about twenty years. In addition, there appears to be average rate of return method, while easy to com-little difference in pattern of use between the largpute, both suffer from the disadvantage of ignoring est 500 and the largest 1,000 firms. the time value of money. In addition, PBK ignores For small businesses (Table 2) , the relative scarany cash flows after the breakeven date. By spec-city of information makes discerning the use and ifying a short payback period as criterion, the trends in use of discounting methods more diffimethod selects projects with quick returns, a form cult. However, restricting attention to the surveys of protection against risk and a means of rationing of all types of small businesses suggests that use of capital.
discounting methods increased substantially during the period 1966 to 1976. Even so, the rate of use of ferent sizes or between firms of different sectors. discounting methods by small businesses appears Even this more ideal procedure would not avoid to be only approximately half that of large busi-the fact that real investment choices were not obnesses. A disturbingly large proportion of small served. It seems likely that managers will not put businesses appears to use no evaluation method at as much effort into hypothetical investment deciall. sions as into decisions involving money. With We took the results of the most recent study we these limitations in mind, the survey method may could find, that by Kim et al., as a baseline against nevertheless provide better insight into actual capwhich to measure the practices of a sample of ital budgeting procedures than direct questioning greenhouse managers. Our survey method is dif-of respondents without involvement of either acferent from those reported in Table 1 in that the tual or hypothetical investment choices. method used was inferred from the hypothetical investment choice made by the farmer, rather than by direct questioning of the respondent. Signifi-The Model cantly greater resources would be required to undertake a more ideal series of tests. First, a com-An overview of the statistical model and hypotheparison of the evaluation practices of small and sis testing procedures is as follows. A sample of J large businesses at a common point in time would farm business managers each receives a paper be undertaken, then a comparison of farm and non-showing a set of cash flow streams. These can be farm businesses of similar size would be under-thought of as the net returns streams from I differtaken. Such a sequence would indicate whether ent investments. Each manager ranks the I streams differences in practices occur between firms of dif-in order of preference. There are K = I! possible dom variable characterized by a probability density function. The probability density function of the
Xjk is
The investment behavior of farm business man-agers is compared to that of other business groups asked about the type of greenhouse cover and irby specifying the formal null hypothesis in terms rigation system in use, the size of the greenhouse of the probabilities of alternative rankings Ho: operation and the age and experience of the re- ecology Program mailing list. Approximately 500 X = questionnaires were mailed and 111 usable responses were received, a return rate of about 22 where -2 In X has a chi-square distribution with K percent. No follow-up requests were sent. Table 3 -1 degrees of freedom (see e.g., Mood et al.) . summarizes the information gathered about the The likelihood ratio permits a statistical compari-greenhouse operation and the respondent. The son of farm business versus big business use of large difference between the mean size of operadifferent investment criteria.
tion and the median shows that the sample distri-A statistical model may also be used in conjunc-bution is highly positively skewed. Operator age tion with the model selection criterion developed and experience display this tendency only slightly. by Akaike (AIC) to identify the single investment Using asymptotic properties of the distributions of criterion which might be used to best describe the the mean and variance for samples from noninvestment behavior of the sample managers normal populations, we performed z-tests using the (Akaike, 1974) . The criterion is to select the model 1987 Census of Agriculture information on averwhich minimizes AIC where age size of greenhouse operation and operator age for Massachusetts as population means. At the 5 AIC(O) = (-2) in (maximized likelihood percent level of significance the sample is not repfunction) + 2 number of independently resentative of the population. Respondents were adjusted parameters in 0.
younger and their operations were larger than was
Results of the hypothesis test and implementa-expected from the Census data. It is possible that tion of the AIC with sample data reveal the relative the respondents might be regarded as more proinvestment behavior of farm versus big business managers and the best explanatory hypothesis gressive than the population of greenhouse operaThe survey responses were also used to identify tors in general.
the single investment method which might be used Table 3 also shows that hand watering was by to best explain the investment behavior of Massafar the dominant irrigation method, reported as the chusetts greenhouse growers. The AIC model semain technique by roughly 85 percent of green-lection procedure described earlier was implehouse managers. Most operations (68 percent of mented to compare the net present value and paythe sample) presently use polyethylene as the pri-back methods using the survey rankings. The AIC mary greenhouse cover, with most of the remain-values were computed ascribing a 95 percent probder reporting glass as the primary form of cover.
ability to the payback and net present value rankOf primary interest here, however, the survey ings and uniformly distributing remaining probadata were analyzed using the maximum likelihood bility to other possible rankings. Sample rankings estimation technique described earlier. The find-were then used in conjunction with these altemaings reported by Kim et al., for their survey of tive probability specifications to evaluate the likeFortune 1000 business managers were regarded as lihood function. The AIC statistic was 865.82 for the maintained hypothesis against which various the payback method and 898.74 for the net present subsets of the sample data were compared.
value method. The statistic selects the payback A test of the hypothesis Ho: p'arm = pkonfarm, k model. This is not to say that greenhouse growers 1, 2, ... , 14 where pFarm and p°o n fa rm are the did use the payback method to make investment probabilities of greenhouse business manager choices, but that the choices they made are the rankings and Fortune 1000 manager rankings, re-same as would be expected if they had used the spectively, was conducted. A series of hypothesis payback method. Use of the payback method setests of this type were conducted comparing vari-lects a benefits stream whose net present value is ous subsets of the greenhouse sample data. Table 4 over $500 less than the benefits stream selected specifies the tests conducted, associated likelihood using the net present value method with an eight ratio statistics, and decision rules based on the percent nomimal rate. The difference may be retests. The maintained hypothesis that Massachu-garded as the opportunity cost of using the payback setts greenhouse business managers and Fortune method rather than the net present value method 1000 managers apply the same investment criteria when evaluating investment opportunities. The was tested by comparing the likelihood ratio test difference in present values in this case represents statistic to the critical chi-square value X0s (13) = approximately seven percent of the amount in-22.36. The maintained hypothesis was rejected vested and might be regarded as a nonnegligible both for the entire sample of respondents and the amount by most of the managers. various subsets of sample respondents indicated in Table 4 . The conclusion of these statistical tests is that the criteria applied to investment decisions by Conclusions Massachusetts greenhouse business managers and Fortune 1000 business managers differ.
A survey of Massachusetts greenhouse business managers asked them to rank the desirability of erative Extension educational priorities are also ev-
